A fuzzy inventory model is proposed to maximize the profit in a two stage supply chain model. In this paper joint total profit of both buyer and vendor are calculated. Shortage for the buyer is allowed and it is completely backlogged. Number of shipments, selling price and order quantity are taken as decision variables. Graded mean integration representation method is applied for defuzzification. Sensitivity analysis is carried out using the numerical example.
INTRODUCTION
In last few years, companies have realized that efficient management of inventories across the different facilities in a supply chain is critical to increase the profits. This efficient management is achieved through better co-ordination and more co-operations between the vendor and the buyer. The supply chain management has enabled numerous firms to enjoy great advantages by integrating all activities associated with the flow of material, information, and capital between suppliers of raw materials and the ultimate customers. The benefits of a properly managed supply include reduced cost, faster product delivery, greater efficiency and lower cost for both the business and its customers. In traditional inventory Models, the inventory and shipment polices for the vendor and buyer in a two-echelon supply chain are taken independently. The optimal lot size for the buyer may not result in an optimal policy for the vendor and vice versa. To overcome this situations the integrated vendor -buyer model has been developed using fuzzy concepts. Determining the ordering and shipment polices with shortages allowed for buyer results in a reduction of the total inventory cost of the system if the determination is based on the integrated total cost function rather than the buyer's or vendor's individual cost function. Goyal (3) early developed the idea of a joint total cost for a single vendor and single buyer scenario assuming an infinite production rate for the vendor and lot-for-lot policy for the shipments from the vendor to the buyer. Goyal (4) introduced a model where the shipment size increases by a factor equal to the ratio of the production rate to the demand rate. He formulated the problem and developed an optimal expression for the first shipment size as a function of number of shipments. Lau and Lau [5] framed a joint-pricing inventory model with out setup cost. Ray, et al., [6] introduced a integrated marketing inventory model for two pricing policies, price as a decision variable and mark-up pricing. R. Akbari jokar [7] developed joint model to determine the profit function of buyer and vendor. A. Nagoor Gani and G. Sabarinathan [8] developed fuzzy integrated inventory model to determine the relevant profit maximizing decision variable values. They did not allow shortages which is unrealistic. To suit the real life situation we allow shortages for both vendor and buyer. The final demand for the product is assumed to be deterministic but price sensitive. Production rate, ordering quantity, setup cost, shortage cost and holding cost of the buyer and vendor are taken as fuzzy numbers. The lot delivered from the vendor to the buyer is equal -sized batches. As soon as the on-hand inventory at the buyer drops to reorder point, an order of size Q is released by the buyer. The vendor manufactures the product at the production rate P and in lot sizes which are a multiple of Q . The objective is to determine the number of shipments, the selling price ~ as well as order size by allowing shortages for buyer, so that the total profit of the vendor -buyer are maximized.
METHODOLOGY

Fuzzy Numbers
Any fuzzy subset of the real line R, whose membership function µ A satisfied the following conditions, is a generalized fuzzy numberÃ . (i) µ A is a continuous mapping from R to the closed interval 
The Function Principle
The function principle was introduced by Chen [6] to treat fuzzy arithmetical operations. This principle is used for the operation for addition, subtraction, multiplication and division of fuzzy numbers. (iii) A finite production rate for the vendor is considered which is greater than the demand rate.
(iv) The inventory is continuously reviewed. The buyer orders a lot of size Q when the on-hand inventory reaches the reorder point.
(v) The vendor manufactures a production batch Q n~at one setup.
However, the size of shipment delivered to the buyer is Q .
(vi) The inventory holding cost at the buyer is higher than that at the vendor. i.e., 
Fuzzy Mathematical Model
The optimal policy of the integrated system is derived. However, for comparative purposes, we first obtain the buyer and the vendor policies, if each party optimizes its profit independently. The policies and profits are then compared to the case of integrated system when they cooperate, particularly in information sharing.
We assume that the buyer faces a linear demand 
Vendor's Profit Policy
When the buyer's order quantity and the selling price are adopted, the orders are received by the vendor at a known interval 
Hence the vendor's yearly profit function is ,
It clearly shows that ) ( n P T v is concave in n.
Optimality conditions for
If the buyer is free to choose his own marketing and ordering policies ) , ( Q  ,and the vendor is free to choose its number of shipments n, then it is straight forward that the total system profit under individual optimization,
is equal to the sum of buyer's and the vendor's profits.
Suppose that both parties decide to cooperate and agree to follow the jointly optimal integrated policy. The cost stemming from the purchasing price is an internal transfer of money from one supply chain member (the vendor) to another supply chain member (the buyer).
Therefore it is not a cost of the whole supply chain. The total system profit under joint optimization with shortage is, 
Solution for Joint Model
Differentiating (11) with respect to Q we get,
Equating (12) to zero we will get the value of Taking the first and second partial derivatives with respect to , n and equating first order derivative to zero we obtain ) 16 (1~)
Defuzzification of this model:
Using Signed Distance method, we will get the crisp value of Selling price (δ), Order quantity (Q), number of shipments (n) for individual and joint model, Total profit for buyer (TP B ), Total profit for vendor (TP v ), Total system profit under individual optimization (TP 1 ), the joint total profit of vendor (TP vj ), the joint total profit of buyer (TP Bj ), total system profit under joint optimization (TP j ). For a given value of n, TP j can be written as 
There is a one to one relationship between price and demand. Therefore, we base our analysis on the identification of the optimal value of demand, rather than the optimal value of price. The first and second partial derivative of TP j (D), with respect to D are as follows. 
CONCLUSION
This paper addresses an inventory problem under fuzzy cost with allowable shortage for buyer. In this paper joint total profit of both buyer and vendor are calculated. Our venture of this paper is to get more profit for buyer and vendor in coordination comparatively with their individual profits without co -ordination. We have developed the model which is more suitable for real life situations. We have achieved in this model by obtaining more profit for the required model consequently our optimum profit for the joint model is more than the profit of the model proposed by [8] .
